CHIMERIC Gal5 VARIANTS AND THEIR USE IN THE ANALYSIS AND 
DISCOVERY OF MODULATORS OF G-PROTEIN COUPLED RECEPTORS 

Cross-Reference to Related Applications 

[0001] This application claims priority to U.S. Provisional Application No. as 
60/339, 466, U.S. Application Serial No. 09/989,497, filed November 21, 2001, which 
is a continuation-in-part of U.S. Application Serial No. 09/984,292, filed October 29, 
2001, which claims priority to U.S. Provisional Application No. 60/243,770, filed on 
October 30, 2000, and all of these applications are incorporated herein by reference 
in their entirety. 

Field of Invention 

[0002] This invention relates to Chimeric Gal 5 variants and their use in the 
discovery and analysis of modulators of G-protein coupled receptors. More 
specifically, the invention relates to chimeric Gal 5 variants wherein the C- terminal 
portion is that of another G protein and their use in GPCR based assays, especially 
chemosensory GPCRs, i.e. receptors that are involved in sensing of taste eliciting 
molecules, olfactants, and pheromones. 

Background of Invention 

[0003] G-protein-mediated signaling underlies the sensing of extracellular stimuli 
in all eukaryotic organisms. G proteins, which are heterotrimers of G a , Gp and G y 
subunits, couple GPCRs to effector proteins such as phospholipase C and to 
intracellular second messengers such as IP3 (Bourne, H.R., "How Receptors Talk to 
Trimeric G Proteins," Curr. Opin. Cell Biol, 9:134-142 (1997)). Activated GPCRs 
promote the displacement of bound GDP by GTP on the surface of the G a subunit 
and subsequent dissociation of the G a subunit from the Gp and G y subunits. Effector 
proteins are activated by binding to dissociated GTP-bound G a subunits and/or by 
binding to G p and G y subunits. 



[0004] Members of the G aq class of G proteins couple GPCRs to phospholipase C, IP3 
synthesis, and calcium release from intracellular stores. The development of robust 
assays for calcium fluxes in living cells, such as those that make use of fluorescent 
calcium dyes or calcium-dependent reporter genes, has facilitated the functional 
characterization of many GPCRs that couple to members of this class of G proteins. 
Moreover, many GPCRs that do not normally couple to Gaq-class G proteins can be 
linked to phospholipase C in two different ways: (1) using rodent Gai5 (or its human 
counterpart G a i6), a member of the G,q class that couples to a large number of 
GPCRs in heterologous cells (Offermanns, S. and Simon, M.L, "G Alpha 15 and G 
alpha 16 Couple a Wide Variety of Receptors to Phospholipase C," J. BioL Chem., 
270:15175-15180 (1995)); (2) using hyperactive G aq variants (See U.S. Serial No. 
09/984,292 filed October 29, 2001, and U.S. Provisional 60/293,770 filed October 30, 
2000 by Yong Yao et al., both incorporated by reference in their entirety herein), or 
Gaq chimeras that incorporate C-terminal coupling determinants from members of 
other classes of G proteins (Conklin, B.R., Farfel, Z., Lustig, K.D., Julius, D. and 
Bourne, H.R., "Substitution of Three Amino Acids Switches Receptor Specificity of 
G q Alpha to that of Gi Alpha," Nature, 363:274-276 (1993)). Recently, these two 
strategies have been combined to produce G a i6 chimeras that incorporate C- 
terminal coupling determinants from G az , a member of the G a i class of G proteins; 
such G a i6/z chimeras have been shown to couple to several G a i-coupled receptors that 
do not couple to G a ie (Mody, S.M., Ho, M.K., Joshi, S.A. and Wong, Y.H. 

"Incorporation of G Alpha(z)- Specific Sequence at the Carboxyl Terminus Increases 
the Promiscuity of G Alpha(I 6) Toward G(i)-Coupled Receptors," MoL Pharmacol,, 
57:13-23 (2000)). 

[0005] As described in the examples below, we have found, however, that the 
GPCRs that mediate sweet taste and umami taste (the savor of monosodium 
glutamate) in rats do not couple to G a i5, G a i6, or a G a i6/z chimera. Consequently, we 
have generated a series of G a is chimeras in which the 5-residue C-terminal tail of 



Gai5 was replaced by the tails of all other G proteins, and have used these chimeras 
to develop assays for the rat sweet and uraami taste receptors. This invention 
relates to these G a i5 chimeras and their use in functional assays for mammalian 
taste receptors and other GPCRs that do not couple efficiently to G a is. 

Summary of Invention 

[0006] The present invention addresses the above described problems associated 
with the inability of native G a i5 to couple effectively with some GPCRs or GPCR 
combinations, especially some chemosensory GPCRs involved in taste or smell. 
Generally, the invention provides a Gais protein variant that functionally couples to 
GPCRs not normally coupled by native G a i5 and/or which couple with greater 
efficiency than native Gal5. to a particular GPCR or GPCRs, e.g. sensory cell 
receptors such as taste GPCRs (TRs) and olfactory GPCRs (ORs). According to the 
invention, the functional coupling can be determined, for example, by measuring 
changes in intracellular 1133 or calcium. In a particular embodiment, the G a is 
protein variants can be expressed in mammalian cell lines or Xenopus oocytes, and 
then evaluated using calcium fluorescence imaging and electrophysiological 
recording. 

[0007] The invention specifically provides chimeric variants of G a i5 wherein one or 
more discrete portions of the native Gal5. protein are replaced with the 
corresponding portion of another G protein, and which optionally are further 
modified by one or more site specific mutations, which couple to one or more GPCRs 
not normally coupled by native G a is and/or which exhibit increased coupling to at 
least one GPCR relative to the coupling of said at least one GPCR by native Gal 5, 
or which couple to a GPCR or GPCR combination not coupled by native G a i5. 

[0008] In a more specific aspect, the invention provides chimeric variants of native 
Gais wherein at least the last five carboxy-terminal amino acids are replaced by the 
corresponding at least five carboxy-terminal amino acids of another G protein, e.g. a 



G protein that normally couples the particular GPCR, e.g. a chemosensory GPCR 
such as a taste receptor, olfactory receptor or pheromone receptor. 

[0009] In a still more specific aspect of the invention provided herein are chimeric 
Gais variant proteins wherein the at least five carboxy-terminal amino acids of Gais 
are replaced by the corresponding at least five carboxy-terminal amino acids of a G 
protein selected from the group consisting of Gaii, Ga q , Ga s , Gai3, G ao , Gaz, Gai2, 
Gai3, and Gau, preferably Gail. Optionally, these Gais variants may be further 
modified by at least one substitution mutation which results in a chimeric Gais 
variant protein that further enhances the ability of the resultant chimeric variant of 
Gal 5 protein to couple to a GPCR not normally coupled by nature Gais and/or 
which couples with greater efficiency to a particular GPCR relative to native Gais- 

[0010] Another aspect of the invention relates to nucleic acid sequences and 
expression vectors containing that encode a chimeric Gais variant protein, wherein 
"chimeric" refers to the fact that one or more discrete portions of said Gais protein 
are replaced by the corresponding portion or portions of another G protein, and 
which optionally may contain at least one substitution mutation, wherein the 
chimeric Gais variant protein encoded by said nucleic acid sequence couples to at 
least one GPCR not normally coupled by native Gais, and/or which couples more 
efficiently to at least one GPCR than native Gais protein, e.g. a chemosensory 
GPCR such as a taste, olfactory or pheromone receptor. 

[0011] Ina more specific object of the invention, nucleic acid sequences are provided 
that encode chimeric Gais variants wherein at least the 5 carboxy-terminal amino 
acids are replaced with that of another G protein, and which couple to a GPCR or 
GPCR combination, e.g. a chemosensory GPCR such as a taste receptor, olfactory 
receptor, or pheromone receptor not coupled by native Gais. or which couple more 
efficiently to a particular GPCR or GPCR combination, e.g. a chemosensory receptor 
such as a taste, olfactory or pheromone receptor more effectively than native Gais. 
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[0012] In a more preferred aspect of the invention, nucleic acid sequences and 
vectors are provided that encode a chimeric GOC15 variant protein wherein at least 
the five carboxy-terminal amino acids are replaced by the corresponding carboxy- 
terminal amino acids of a G protein selected from the group consisting of Gail, Gai3, 
Ga q , Goes, Gai3, Ga 0 , Gaz, Gai2, Gai3, and Gai4. 

[0013] In another specific aspect of the invention, cells and cell lines are provided 
that express a chimeric variant Gais protein wherein at least a portion, preferably 
at least the 5 carboxy-terminal amino acids are replaced by the corresponding 
portion of another G protein, e.g. Gaii, Gai3, Ga q , Ga s , Gai3, Ga 0 , Gaz Gai2, Gai3, and 
Gau. Preferably, these cell lines will also express a particular GPCR or GPCR 
combination, i.e., a GPCR or GPCR combination that is coupled by said chimeric 
variant Gai5 protein. 

[0014] In a preferred aspect of the invention, the GPCR or GPCR combination 
coupled by the chimeric Gais protein of the invention will be a chemosensory 
receptor, e.g. a taste receptor, olfactory receptor or pheromone receptor. 

[0015] In another aspect of the invention, these Gal5 chimeras can be expressed in 
mammalian cell lines and used for functional assays for GPCRs that involve, for 
example, measuring changes in intracellular IP3 or calcium. In one embodiment, a 
Gal5 chimera wherein the five-residue C-terminal tail has been replaced with that 
of another G protein, e.g. transducin or one of the G proteins previously identified 
can be co-expressed in a mammalian cell line with GPCRs that mediate sweet and 
umami taste, and the activity of these GPCRs can be measured using fluorescent 
calcium dyes to quantitate changes in intracellular calcium. In another aspect of the 
invention, these Gais chimeras can be expressed in Xenopus oocytes and used for 
functional assays for GPCRs that involve, for example, measuring calcium- 
dependent ion channel activity e.g. functional assays using GPCRs that mediate 
sweet or umami taste or smell. 
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[0016] In yet another aspect of the invention, methods for the discovery and 
analysis of modulators (i.e., agonists, antagonists, and inverse agonists) of GPCRs 
using a Gal5 chimera are provided. In one embodiment, modulators can be 
identified using a mammal ian-cell-based assay that involves transiently 
transfected, or stably transfected, cIDNAs or genes that encode Gai5 chimeras. The 
GPCR modulators discovered using the disclosed assays are also encompassed. 

Brief Description Of The Figures 

[0017] Figure 1. Improved coupling of Gais chimeras to the rat TI R2/T1 R3 
sweet taste receptor. (Left panel) HEK-293 cells were transiently transfected 
with rat Tl R2, Tl R3, and each Gal5 chimera, and assayed for intracellular 
calcium increases in response to sucrose. The last five C-terminal residues of each 
Gal 5 chimera are shown. (Right panel) HEK-293 cells were transiently transfected 
with rat Tl R2, Tl R3, and Gais and assayed for increases in intracellular calcium 
in response to sweet taste stimuli. Activities in both panels represent the mean ± 
s.e. number of responding cells for four imaged fields of approximately 1000 
confluent cells. (Lower paneo Dose-response curves for HEK-293 cells transiently 
transfected with rat Tl R2, Tl R3, and G a i5/i, to Acesulfame-K, sucralose, sucrose, 
and D-tryptophan are shown. Activities represent the mean ± s.e. number of four 
determinations and are normalized to the maximal number of responding cells for 
each stimulus. 

[0018] Figure 2. Improved coupling of Gai5/i, to the rat TIRI/TIR3 umaml 
taste receptor. Dose-response curves for HEK-293 cells transiently transfected 
with rat Tl Rl, Tl R3, and G a i5ii to L-aspartate and L-glutamate in the presence of 
2.5 mM IMP. Activities represent the mean ± s.e. number of four determinations 
and are normalized to the maximal number of responding cells for each stimulus. 
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Detailed Description of the Invention 

[0019] As described above, the present inventors have discovered that chimeric Gal 
5 variants can be constructed wherein at least a portion of said protein is replaced 
by the corresponding portion of another G protein, to produce a chimeric Gai5 
protein having altered binding properties, i.e. which couples better to a specific 
GPCR or GPCR combination than the wild-type G a i5 protein, or which couples to a 
specific GPCR or GPCR combination which is not coupled by the wild-type Gais 
protein. 

[0020] The present inventors have discovered that chimeric G a i5 protein, e.g. 
wherein the last five C-terminal residues are replaced with those of other G 
proteins exhibit altered coupling specificity and couple more efficiently to some 
GPCRs. In a preferred embodiment, Gais chimeras are provided that comprise the 
carboxy 5 amino acids of Gail. 

[0021] The present invention also provides Gais variants that exhibit at least 80% 
sequence identity to the polypeptide contained in SEQ ID NO:2 discussed infra, 
which contain as the last 6 amino acids a polypeptide encoded by a sequence 
selected from SEQ I D NO:3, 4, 5, 6, 7, 8, 9, 10, 11 or 12 more preferably which 
exhibit at least 90% sequence identity, or even more preferably at least 95-99% 
sequence identity therewith. 

[0022] The present invention also provides nucleic acid sequences that encode 
proteins exhibiting at least 80% sequence identity, more preferably at least 90% 
sequence identity, and still more preferably, at least 95-99% sequence identity to 
the nucleic acid sequence contained in SEQ I D NO: 1 modified by the substitution 
of the last 6 codons with those contained in SEQ ID NO: 3, 4, 5, 6, 7, 8, 9, 10, or 12. 

[0023] Also included in the present invention are antibodies that selectively bind to 
the variant Gal5 described herein, but not to the corresponding native Gais protein. 
Such antibodies include whole, chimeric, humanized, tetramer, single chain, 
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domain-deleted and other recombinant antibodies of any immunglobulin class, as 
well as antibody fragments, Fv, Fab', (Fab)'2, etc. Preparation of such antibodies 
may be performed using any method known in the art (see, e.g., Kohler and 
Milstein, 1975, Nature 256: 495-97; Kozbar et al., 1983, Immunology Today 4: 72; 
Cole et al., pp. 77-96 in Monoclonal Antibodies and Cancer Therapy, 1985). Mice or 
other animals may be immunized with the GCC15 protein variants of the invention 
in order to generate antibodies, which may be screened to identify those specific for 
the G q variants of the invention which also do not recognize the corresponding 
native G q protein. 

[0024] The present invention also encompasses expression vectors including the 
nucleic acid sequences of the present invention operably linked to a promoter that 
functions in mammalian cells or Xenopus oocytes. A "promoter" is defined as an 
array of nucleic acid control sequences that direct transcription of a nucleic acid. A 
"promoter" includes all the necessary sequences near the start site of transcription, 
i.e., including a polymerase binding site. A promoter optionally includes distal 
enhancer or repressor elements which can be located as much as thousands base 
pairs away from the start site of transcription. Promoters may be either 
constitutive, i.e. active under most environmental and developmental conditions, or 
inducible, i.e., under specific environmental or developmental control. The term 
"operably linked" refers to a functional linkage between a nucleic acid expression 
control sequence (such as a promoter) and a second nucleic acid sequence, such as 
one encoding a variant Gq protein as described in the present invention, wherein 
the expression control sequence directs transcription of the nucleic acid 
corresponding to the second sequence. An "expression vector" is a nucleic acid 
construct including a coding nucleic acid sequence according to the invention 
operably linked to a promoter, which allows for recombinant production of the 
variant G q proteins described herein. Expression vectors encompassed by the 
invention can be either incorporated into the genome of a host cell after 
transfection, or replicate extra-chromosomally. Expression vectors can be either 
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plasmids, viruses or nucleic acid fragments. Alternatively, coding sequences can be 
incorporated into the genome behind a native promoter, thereby creating an 
operable expression linkage following transfection. Host cells transfected with the 
expression vectors of the invention are also encompassed. 

[0025] The present invention also includes methods for identifying a compound that 
modulates GPCR signaling, e.g. sensory signaling in GPCR expressing cells, the 
method including the steps of: (1) contacting the compound with a cell expressing 
the Gal 5 variant protein according to the invention, preferably a chimeric Gais 
protein described in the examples infra, and (2) determining the functional effect of 
said compound upon the Gais protein variant. Typically, a cell expressing said Gais 
variant protein is a transfected mammalian cell, e.g. a sensory cell, or other 
transfected cell suitable for making functional measurements of G protein activity, 
i.e., Xenopus oocyte. Functional effects of possible modulatory compounds may be 
determined by measuring changes in intracellular IP3 or Ca 2+ . Functional effects 
may also be determined by measuring changes in the electrical activity of the cells 
expressing said G q variant protein or by observing modification of an intracellular 
effector enzyme. Possible modulatory compounds include agonists, antagonists, 
antibodies, small molecules and proteins. 

[0026] Also included in the invention are methods for identifying a compound that 
interacts with the Gais variant protein according to the invention, preferably a 
chimeric Gal 5 protein disclosed in the examples infra, including the steps of (1) 
contacting said G q variant protein with a test compound; and (2) detecting a binding 
interaction between said compound and said Gal 5 protein variant. Methods of 
detecting the binding of Gais protein variants to compounds can be performed 
wherein said chimeric Gai5 variant protein is linked to solid phase, either covalently 
or noncovalently. 

[0027] The present invention also includes an artificial array of GPCRs functionally 

coupled to the Gai5 variant according to the invention, preferably a chimeric G(X15 

\ 

9 



variant disclosed in the examples, wherein said array is a model of a native 
arrangement of GPCRs. For instance, the native arrangement can be an 
arrangement of olfactory receptors (ORs) typically seen in a mammalian nose, or an 
arrangement of taste receptors typically seen on a mammalian tongue. However, 
other GPCRs are within the scope of the invention. Said taste receptors typically 
include at least one type of taste receptor selected from the group consisting of 
bitter, sweet, salty, umami and sour taste receptors, in light of the observations that 
such taste receptors are typically arranged in spatially organized manner. The 
artificial arrays of the present invention are useful for analyzing the response to 
different sensory compounds in relation to brain activity. Such arrays will be 
improved by the variant Gal 5 proteins of the present invention, which will simplify 
interpretation of results that might normally be complicated by the requirement for 
different G protein subunits for every GPCR in such an array. 

[0028] It is also envisioned that the GCC15 protein variants of the invention can be 
used in other types of functional assays such as biochemical binding assays, 
enzymatic assays, other cell-based assay, as well as with in vivo systems such as 
transgenic mice. Such assays are described in further detail below. 

[0029] Thus, the invention substantially relates to the discovery that chimeric Gais 
proteins can be produced having altered GPCR coupling properties, i.e. which 
couple to a specific GPCR or GPCR combination more efficiently than the native 
Gais protein (having SEQ ID NO:2 set forth infra) or which couple to a specific 
GPCR or GPCR combination not coupled by the native Gais protein having SEQ ID 
NO:2 infra. 

[0030] In the context of the invention, "chimeric" refers to the fact that the variant 
Gais protein comprises a portion, i.e. at least 5 amino acids at the carboxy terminal 
end that are identical to that of a G protein other than Gais. 
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[0031] The "other G protein" in the present invention encompasses G proteins of all 
Ga subclasses, e.g. Gall, Ga q , Ga s , Gai3, Gz, Ga 0 , Gai2, Gai3, and Gau. The G protein 
may be of any species origin, but preferably will comprise a mammalian G protein, 
and most preferably will comprise a human, rat or mouse G protein different from 
Gais. 

[0032] Additionally, the subject chimeric GU 15 variants may comprise one or more 
substitution mutations, e.g. those that result in a variant having further enhanced 
GPCR coupling properties. For example, as disclosed in U.S. Serial No. 09/984,292, 
filed October 29, 2001, and 60/243,770, filed on October 30, 2000, both incorporated 
by referenced in their entirety herein, it has been found that the mutation of mouse 
Ga q at position 66 (by replacing a Gly with an Asp) results in a G protein having 
enhanced promiscuity (couples better with specific GPCRs relative to wild-type Gag 
protein. It is anticipated therefore that Gai5 chimeric variants may be obtained that 
both comprise an altered carboxy-terminus (that of another G protein) and further 
comprise at least one substitution mutation, to produce a chimeric Gais variant 
having further enhanced GPCR coupling activity vis-a-vis wild-type Gais protein. 

[0033] It has particularly been discovered that chimeric GcCl5 variants wherein 
the last 5 amino acids are replaced by the corresponding amino acid residues of 
another G protein can be produced that couple efficiently with chemosensory 
GPCRs, specifically, the taste receptors disclosed in Senomyx, U.S. Provisional 
Application No. 60/339,472, incorporated by reference in its entirely herein, that are 
not normally coupled by native Gais. For example, it has been found that chimeric 
Gal 5 variants according to the invention couple to Tl Rl and Tl R3 and give rise to 
a functional Tl Rl /Tl R3 taste receptor (umami taste receptor). 

[0034] Based thereon the invention is especially directed to the use of chimeric Gais 
variants according to the invention in cell lines that express specific GPCRs or 
GPCR combinations, in order to produce cells that express a functional GPCR 
receptor or receptor complex, and to screen compound libraries for agonists or 
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antagonists of specific GPCRs or GPCR combinations, e.g. chemosensory receptors 
such as taste, olfactory and pheromone receptors. 

[0035] As noted, in a preferred embodiment, the inventive chimeric Gais variants 
will be added or expressed in cells that express specific GPCRs, e.g. taste receptors 
such as Tl Rl, Tl R2 and/or Tl R3 or olfactory receptors. 

[0036] Additional GPCRs can include those disclosed in U.S. Patent Application No. 
09/510,332 filed February 22, 2000; and U.S. Provisional Application Nos. 
60/213,849 filed June 23, 2000; 60/209,840 filed June 6, 2000; 60/195,536 filed April 
7, 2000; 60/195,534 filed April 7, 2000; 60/195,532 filed April 7, 2000; which are 
herein incorporated by reference in their entirety. 

[0037] Thus, the" chimeric Gal5 variants according to the invention can comprise 
amino acid substitutions at or near position 66, or at any other position that results 
in altered GPCR coupling actively by the variant Gais Mutations can be identified 
and isolated using site directed or random mutagenesis according to techniques that 
are known in the art, including random saturation mutagenesis around the 
mutation sites described herein. The variants may comprise these one or more of 
these mutations alone or in combination with C-terminal substitutions. In another 
embodiment of the invention, Ga q and other G q subclass variants comprise C- 
terminal sequences derived from other G proteins. 

[0038] For instance, it was disclosed in the Yao patent application incorporated by 
reference supra, that the Gly to Asp mutation at position 66 is synergistic with the 
replacement of the C-terminus of Ga q by that of transducin or Ga 0 if. GaCq proteins 
containing C-terminal amino acids from transducin or Ga 0 if in combination with a 
Gly66 to Asp alteration show increased activity compared to individual chimeras 
alone. 

[0039] Other mutations and substitutions are envisioned to be within the scope of 
the invention. For instance, it would be within the level of skill in the art to perform 
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additional amino acid substitutions at other amino acid positions using known 
protocols of recombinant gene technology including PCR, gene cloning, site-directed 
mutagenesis of cDNA, transfection of host cells, and in- vitro transcription. The 
variants could then be screened for functional coupling to chemosensory receptors or 
other GPCRs as described herein. Further, additional C-terminal substitutions 
could be made from other G-protein molecules known in the art. 

[0040] The present invention also provides Gal 5 variants that exhibit at least 80% 
sequence identity to the polypeptide encoded by SEQ ID NO: 1, which contain as the 
last 6 amino acids a polypeptide encoded by a sequence selected from SEQ ID NO: 4, 
5, 6, 7, 8, 9, 10, 11 or 12, more preferably which exhibit at least 90% sequence 
identity, or even more preferably at least 95-99% sequence identity therewith. 

[0041] The present invention also provides nucleic acid sequences that encode 
proteins exhibiting at least 80% sequence identity, more preferably at least 90% 
sequence identity, and still more preferably, at least 95-99% sequence identity to 
the polypeptide encoded by SEQ ID NO: 1 modified by the substitution of the last 6 
codons with those contained in SEQ ID NO: 4, 5, 6, 7, 8, 9, 10, 11 and 12. 

[0042] The terms "identical" or "percent identity" in the context of two or more 
protein or nucleic acid sequences refers to sequences or subsequences that are the 
same or have a specified percentage of amino acid residues or nucleotides that are 
the same when compared and aligned for maximum correspondence over a 
comparison window or designated region, using either a sequence comparison 
algorithm that is known in the art or by manual inspection. Sequences with over 
80% sequence identity are said to be "substantially identical." Optionally, the 
identity, exists over a region that is at least about 25-30 amino acids or nucleotides 
in length, or optionally over a region that is 75-100 amino acids or nucleotides in 
length. 
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[0043] For sequence comparison, typically one sequence acts as a reference 
sequence to which test sequences are compared. When using a sequence comparison 
algorithm, test and reference sequences are entered into a computer, subsequence 
coordinates are designated, if necessary, and sequence algorithm program 
parameters are designated. A "comparison window" as used herein includes 
reference to a segment of any one of the number of contiguous positions selected 
from the group consisting of from 25 to 500, usually about 50 to about 200, more 
usually about 100 to 150 in which a sequence may be compared to a reference 
sequence of the same number of contiguous positions after the two sequences are 
optimally aligned. Methods of alignment of sequences are well known in the art 
(see, e.g., Smith and Waterman, 1981, Adv. Appl. Math. 2: 482, Needleman and 
Wunsch, 1970, J. Mol. Biol. 48: 443, Pearson and Lipman, 1988, Proc. Natl. Acad. 
Sci. USA 85: 2444, and Current Protocols in Molecular Biology, Ausubel et al., 1995 
Suppl.). 

[0044] One example of a useful algorithm is PILEUP. PILEUP creates a multiple 
sequence alignment from a group of related sequences using progressive, pairwise 
alignments to show relationship and percent sequence identity, and can be obtained 
from the GCG sequence analysis software package, e.g., version 7.0 (Devereaux et 
al., 1984, Nuc. Acids Res. 12: 387-395). Another example of an algorithm that is 
suitable for determining percent sequence identity is the BLAST or BLAST 2.0 
algorithm described in Altschul et al., 1977, Nuc. Acids Res. 25: 3389-3402 (1977) 
and Altschul et al., 1990, J. Mol. Biol. 215: 403-410, respectively. Software for 
performing BLAST analyses is publicly available through the National Center for 
Biotechnology Information (hftp://www.ncbi.nim.nih.gov/). 

[0045] It is also envisioned that the Gcc,5 protein variants of the invention could be 
used in other types of functional assays such as biochemical binding assays, 
enzymatic assays, other cell-based assay, as well as with in vivo systems such as 
transgenic mice. Such assays are described in further detail below. 
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In vitro binding assays 

[0046] GPCR transduction can be examined in vitro with soluble or solid state 
reactions, using the chimeric GCC15 variant polypeptides of the invention. In a 
particular embodiment, GPCR ligand-binding domains can be used in vitro in 
soluble or solid state reactions to assay for ligand binding. 

[0047] For instance, the N-terminal domain of a GPCR is predicted to be involved in 
ligand binding. For example, the Tl Rs belong to a GPCR sub-family that is 
characterized by large, approximately 600 amino acid, extracellular N-terminal 
segments. These N-terminal segments are thought to form the ligand-binding 
domains, and are therefore useful in biochemical assays to identify GPCR agonists 
and antagonists. It is possible that the ligand-binding domain may be formed by 
additional portions of the extracellular domain, such as the extracellular loops of 
the transmembrane domain. 

[0048] In vitro binding assays have been used with other GPCRs that are related to 
the Tl Rs, such as the metabotropic glutamate receptors (see, e.g., Han and 
Hampson, J. BioL Chem. 274:10008-10013 (1999)). These assays might involve 
displacing a radioactively or fluorescently labeled ligand, measuring changes in 
intrinsic fluorescence or changes in proteolytic susceptibility, etc. 

[0049] Ligand binding to a hetero-multimeric complex of GPCR polypeptides can be 
tested in solution, in a bilayer membrane, optionally attached to a solid phase, in a 
lipid monolayer, or in vesicles. Binding of a modulator can be tested using, e.g., 
changes in spectroscopic characteristics (e.g., fluorescence, absorbence, refractive 
index) hydrodynamic (e.g., shape), chromatographic, or solubility properties. 

[0050] In another embodiment of the invention, a GTPY"S assay may be used. As 
described above, upon activation of a GPCR, the Ga subunit of the G protein 
complex is stimulated to exchange bound GDP for GTP. Ligand-mediated 
stimulation of G protein exchange activity can be measured in a biochemical assay 
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measuring the binding of added radioactively labeled GTpY35S to the G protein in 
the presence of a putative ligand. Typically, membranes containing the 
chemosensory receptor of interest are mixed with a complex of G proteins. Potential 
inhibitors and/or activators and GTpY35S are added to the assay, and binding of 
GTpY35S to the G protein is measured. Binding can be measured by liquid 
scintillation counting or by any other means known in the art, including 
scintillation proximity assays (SPA). In other assays formats, fluorescently labeled 
GTPyS can be utilized. 

Fluorescence Polarization Assays 

[0051] In another embodiment, Fluorescence Polarization ("FP") based assays may 
be used to detect and monitor ligand binding. Fluorescence polarization is a 
versatile laboratory technique for measuring equilibrium binding, nucleic acid 
hybridization, and enzymatic activity. Fluorescence polarization assays are 
homogeneous in that they do not require a separation step such as centrifugation, 
filtration, chromatography, precipitation, or electrophoresis. These assays are done 
in real time, directly in solution and do not require an immobilized phase. 
Polarization values can be measured repeatedly and after the addition of reagents 
since measuring the polarization is rapid and does not destroy the sample. 
Generally, this technique can be used to measure polarization values of 
fluorophores from low picomolar to micromolar levels. This section describes how 
fluorescence polarization can be used in a simple and quantitative way to measure 
the binding of ligands to the Tl R polypeptides of the invention. 

[0052] When a fluorescently labeled molecule is excited with plane polarized light, 
it emits light that has a degree of polarization that is inversely proportional to its 
molecular rotation. Large fluorescently labeled molecules remain relatively 
stationary during the excited state (4 nanoseconds in the case of fluorescein) and 
the polarization of the light remains relatively constant between excitation and 
emission. Small fluorescently labeled molecules rotate rapidly during the excited 
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state and the polarization changes significantly between excitation and emission. 
Therefore, small molecules have low polarization values and large molecules have 
high polarization values. For example, a single- stranded fluorescein-labeled 
oligonucleotide has a relatively low polarization value but when it is hybridized to a 
complementary strand, it has a higher polarization value. When using FP to detect 
and monitor tastantbinding which may activate or inhibit the chemosensory 
receptors of the invention, fluorescence-labeled tastants or auto-fluorescent tastants 
may be used. 

[0053] Fluorescence polarization (P) is defined as: 

P = InII-In 
Inll + In 

Where II is the intensity of the emission light parallel to the excitation light plane 
and Int I is the intensity of the emission light perpendicular to the excitation light 
plane. P, being a ratio of light intensities, is a dimensionless number. For example, 
the Beacon ® and Beacon 2000 ™ System may be used in connection with these 
assays. Such systems typically express polarization in mill ipolarization units (11 
Polarization Unit =1000 mP Units). 

[0054] The relationship between molecular rotation and size is described by the 
Perrin equation and the reader is referred to Jolley, M. E. (1991) in Journal of 
Analytical Toxicology, pp. 236-240, which gives a thorough explanation of this 
equation. Summarily, the Perrin equation states that polarization is directly 
proportional to the rotational relaxation time, the time that it takes a molecule to 
rotate through an angle of approximately 68.5° Rotational relaxation time is related 
to viscosity (n), absolute temperature (T), molecular volume (V), and the gas 
constant (R) by the following equation: 

Rotational Relaxation Time = 3nV 

RT 
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[0055] The rotational relaxation time is small (~ 1 nanosecond) for small molecules 
(e.g. fluorescein) and large (~ 100 nanoseconds) for large molecules (e.g. 
immunoglobulins). If viscosity and temperature are held constant, rotational 
relaxation time, and therefore polarization, is directly related to the molecular 
volume. Changes in molecular volume may be due to interactions with other 
molecules, dissociation, polymerization, degradation, hybridization, or 
conformational changes of the fluorescently labeled molecule. For example, 
fluorescence polarization has been used to measure enzymatic cleavage of large 
fluorescein labeled polymers by proteases, DNases, and RNases. It also has been 
used to measure equilibrium binding for protein/protein interactions, 
antibody/antigen binding, and protein/DNA binding. 

Solid state and soluble high throughput assays 

[0056] In yet another embodiment, the invention provides soluble assays using a 
GPCR/Gq protein complex according to the invention; or a cell or tissue expressing 
said GPCR polypeptides and a G protein according to the invention. Preferably, the 
cell will comprise a cell line that stably expresses a functional GPCR, e.g. a taste 
receptor. In another embodiment, the invention provides solid phase based in vitro 
assays in a high throughput format, where the GPCR polypeptides, or cell or tissue 
expressing the GPCR polypeptide and a variant Gq protein according to the 
invention is attached to a solid phase substrate. 

[0057] In the high throughput assays of the invention, it is possible to screen up to 
several thousand different modulators or ligands in a single day. In particular, each 
well of a microtiter plate can be used to run a separate assay against a selected 
potential modulator, or, if concentration or incubation time effects are to be 
observed, every 5-10 wells can test a single modulator. Thus, a single standard 
microtiter plate can assay about 100 (e.g., 96) modulators. If 1536 well plates are 
used, then a single plate can easily assay from about 1000 to about 1500 different 
compounds. It is also possible to assay multiple compounds in each plate well. It is 
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possible to assay several different plates per day; assay screens for up to about 
6,000-20,000 different compounds is possible using the integrated systems of the 
invention. More recently, microfluidic approaches to reagent manipulation have 
been developed. 

[0058] The molecule of interest can be bound to the solid state component, directly 
or indirectly, via covalent or non-covalent linkage, e.g., via a tag. The tag can be any 
of a variety of components. In general, a molecule which binds the tag (a tag binder) 
is fixed to a solid support, and the tagged molecule of interest (e.g., the taste 
transduction molecule of interest) is attached to the solid support by interaction of 
the tag and the tag binder. 

[0059] A number of tags and tag binders can be used, based upon known molecular 
interactions well described in the literature. For example, where a tag has a natural 
binder, for example, biotin, protein A, or protein G, it can be used in conjunction 
with appropriate tag binders (avidin, streptavidin, neutravidin, the Fc region of an 
immunoglobulin, etc.). Antibodies to molecules with natural binders such as biotin 
are also widely available and appropriate tag binders (see, SIGMA 
Immunochemicals 1998 catalogue SIGMA, St. Louis MO). 

[0060] Similarly, any haptenic or antigenic compound can be used in combination 
with an appropriate antibody to form a tag/tag binder pair. Thousands of specific 
antibodies are commercially available and many additional antibodies are described 
in the literature. For example, in one common configuration, the tag is a first 
antibody and the tag binder is a second antibody which recognizes the first 
antibody. In addition to antibody- antigen interactions, receptor-ligand interactions 
are also appropriate as tag and tag-binder pairs. For example, agonists and 
antagonists of cell membrane receptors (e.g., cell receptor-ligand interactions such 
as transferrin, c-kit, viral receptor ligands, cytokine receptors, chemokine receptors, 
interleukin receptors, immunoglobulin receptors and antibodies, the cadherein 
family, the integrin family, the selectin family, and the like; see, e.g., Pigott & 
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Power, The Adhesion Molecule Facts Book 1 (1993)). Similarly, toxins and venoms, 
viral epitopes, hormones (e.g., opiates, steroids, etc.), intracellular receptors (e.g., 
which mediate the effects of various small ligands, including steroids, thyroid 
hormone, retinoids and vitamin D; peptides), drugs, lectins, sugars, nucleic acids 
(both linear and cyclic polymer configurations), of igosaccha rides, proteins, 
phospholipids and antibodies can all interact with various cell receptors. 

[0061] Synthetic polymers, such as polyurethanes, polyesters, polycarbonates, 
polyureas, polyamides, polyethyleneimines, polyarylene sulfides, polysiloxanes, 
polylmides, and polyacetates can also form an appropriate tag or tag binder. Many 
other tag/tag binder pairs are also useful in assay systems described herein, as 
would be apparent to one of skill upon review of this disclosure. 

[0062] Common linkers such as peptides, polyethers, and the like can also serve as 
tags, and include polypeptide sequences, such as poly gly sequences of between 
about 5 and 200 amino acids. Such flexible linkers are known to persons of skill in 
the art. For example, poly(ethelyne glycol) linkers are available from Shearwater 
Polymers, Inc. Huntsville, Alabama. These linkers optionally have amide linkages, 
sulfhydryl linkages, or heterofunctional linkages. 

[0063] Tag binders are fixed to solid substrates using any of a variety of methods 
currently available. Solid substrates are commonly derivatized or functionalized by 
exposing all or a portion of the substrate to a chemical reagent which fixes a 
chemical group to the surface which is reactive with a portion of the tag binder. For 
example, groups which are suitable for attachment to a longer chain portion would 
include amines, hydroxyl, thiol, and carboxyl groups. Aminoalkylsilanes and 
hydroxyalkylsilanes can be used to functionalize a variety of surfaces, such as glass 
surfaces. The construction of such solid phase biopolymer arrays is well described in 
the literature. See, e.g., Merrifield, J. Am. Chem. Soc, 85:2149-2154 (1963) 
(describing solid phase synthesis of, e.g., peptides); Geysen et aL, J. Immun. Meth., 
102:259-274 (1987) (describing synthesis of solid phase components on pins); Frank 
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& Doring, Tetrahedron, 44:60316040 (1988) (describing synthesis of various peptide 
sequences on cellulose disks); Fodor et aL, Science, 251:767-777 (1991); Sheldon et 
al, Clinical Chemistfy, 39(4):718-719 (1993); and Kozal et aL, Nature Medicine, 
2(7):753759 (1996) (all describing arrays of biopolymers fixed to solid substrates). 
Non-chemical approaches for fixing tag binders to substrates include other common 
methods, such as heat, cross-linking by UV radiation, and the like. 

Cell-based assays 

[0064] In one embodiment, a GPCR protein or polypeptide is transiently or stably 
expressed in a eukaryotic cell either in unmodified forms or as chimeric, variant or 
truncated receptors with or preferably without a heterologous, chaperone sequence 
that facilitates its maturation and targeting through the secretory pathway. Such 
GPCR polypeptides can be expressed in any eukaryotic cell, such as HEK-293 cells. 
The cells will further comprise a variant GOCl5protein according to the invention, 
that is capable of coupling the chimeric receptor to an intracellular signaling 
pathway or to a signaling protein such as phospholipase C. In the case of taste 
receptors, preferably a cell will be produced that stably co-expresses a Tl Rl/Tl R3 
or Tl R2/T1 R3 as such cells have been found to exhibit enhanced responses to taste 
stimuli (relation to cells that transiently express the same Tl R combination). 
Activation of Tl R receptors in such cells can be detected using any standard 
method, such as by detecting changes in intracellular calcium by detecting FURA-2 
dependent fluorescence in the cell. Such an assay is the basis of the experimental 
findings presented in this application. 

[0065] Activated GPCR receptors often are substrates for kinases that 
phosphorylate the C- terminal tall of the receptor (and possibly other sites as well). 
Thus, activators will promote the transfer of 32p from radiolabeled ATP to the 
receptor, which can be assayed with a scintillation counter. The phosphorylation of 
the C-terminal tail will promote the binding of arrestin-like proteins and will 
interfere with the binding of G proteins. For a general review of GPCR signal 
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transduction and methods of assaying signal transduction, see, e.g., Methods in 
Enzymology, vols. 237 and 238 (1994) and volume 96 (1983); Bourne et aL, Nature, 
10:349:117-27 (1991); Bourne et aL, Nature, 348:125-32 (11990); Pitcher et aL, 
Annu. Rev. Biochem., 67:653-92 (1998). 

[0066] GPCR modulation may be assayed by comparing the response of GPCR 
polypeptides treated with a putative GPCR modulator to the response of an 
untreated control sample or a sample containing a known "positive" control. Such 
putative GPCR modulators can include molecules that either inhibit or activate 
GPCR polypeptide activity. In one embodiment, control samples (untreated with 
activators or inhibitors) are assigned a relative GPCR activity value of 100. 
Inhibition of a GPCR polypeptide is achieved when the GPCR activity value relative 
to the control is about 90%, optionally 50%, optionally 250%. Activation of a GPCR 
polypeptide is achieved when the GPCR activity value relative to the control is 
110%, optionally 150%, 200-500%, or 1000-2000%. 

[0067] Changes in ion flux may be assessed by determining changes in ionic 
polarization (Le., electrical potential) of the cell or membrane expressing a GPCR 
polypeptide. One means to determine changes in cellular polarization is by 
measuring changes in current (thereby measuring changes in polarization) with 
voltage-clamp and patch-clamp techniques (see, e.g., the "cell-aftached" mode, the 
"inside-out" mode, and the "whole cell" mode, e.g., Ackerman et aL, New Engl. J 
Med., 336:1575-1595 (1997)). Whole cell currents are conveniently determined using 
the standard. Other known assays include: radiolabeled ion flux assays and 
fluorescence assays using voltage-sensitive dyes (see, e.g., Vestergarrd-Bogind et aL, 
J. Membrane BioL, 88:67-75 (1988); Gonzales & Tsien, Chem. BioL, 4:269277 
(1997); Daniel et al, J. Pharmaco/. Meth., 25:185-193 (1991); Holevinsky et al, J. 
Membrane Biology, 137:59-70 (1994)). 

[0068] The effects of the test compounds upon the function of the polypeptides can 
be measured by examining any of the parameters described above. Any suitable 
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physiological change that affects GPCR activity can be used to assess the influence 
of a test compound on the polypeptides of this invention. When the functional 
consequences are determined using intact cells or animals, one can also measure a 
variety of effects such as transmitter release, hormone release, transcriptional 
changes to both known and uncharacterized genetic markers (e.g., northern blots), 
changes in cell metabolism such as cell growth or pH changes, and changes in 
intracellular 2+ second messengers such as Ca 2+ , IP3, cGMP, or CAMP. 

[0069] Preferred assays for GPCRs include cells that are loaded with ion or voltage 
sensitive dyes to report receptor activity. Assays for determining activity of such 
receptors can also use known agonists and antagonists for other G protein-coupled 
receptors as controls to assess activity of tested compounds. In assays for 
identifying modulatory compounds (e.g., agonists, antagonists), changes in the level 
of ions in the cytoplasm or membrane voltage will be monitored using an ion 
sensitive or membrane voltage fluorescent indicator, respectively. Among the ion- 
sensitive indicators and voltage probes that may be employed are those disclosed in 
the Molecular Probes 1997 Catalog. 

[0070] Receptor activation initiates subsequent intracellular events, e.g., increases 
in second messengers. Activation of some G protein-coupled receptors stimulates 
the formation of inositol triphosphate (IP3) through phospholipase C-mediated 
hydrolysis of phosphatidylinositol (Berridge & Irvine, Nature, 312:315-21 (1984)). 
IP3 in turn stimulates the release of intracellular calcium ion stores. Thus, a 
change in cytoplasmic calcium ion levels, or a change in second messenger levels 
such as IP3 can be used to assess G protein-coupled receptor function. Cells 
expressing such G protein-coupled receptors may exhibit increased cytoplasmic 
calcium levels as a result of contribution from both calcium release from 
intracellular stores and extracellular calcium entry via plasma membrane ion 
channels. 
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[0071] Ina preferred embodiment, GPCR polypeptide activity, e.g. Tl R or OR 
receptor activity, is measured by stably or transiently co-expressing one or more 
GPCR genes, preferably stably, in a heterologous cell with a chimeric Ga,5 protein 
according to the invention that links the receptor to a phospholipase C signal 
transduction pathway (see Offermanns & Simon, J. BioL Chem., 270:15175-15180 
(1995)). In a preferred embodiment, the cell line is HEK-293 and the G protein is a 
variant Gal 5 disclosed in the examples infra. Modulation of transduction is assayed 
by measuring changes in intracellular Ca 21 levels, which change in response to 
modulation of the GPCR signal transduction pathway via administration of a 
molecule that associates with GPCR polypeptides. Changes in Ca 21 levels are 
optionally measured using fluorescent Ca 2+ indicator dyes and fluorometric 
imaging. 

[0072] In another embodiment, phosphatidyl inositol (PI) hydrolysis can be 
analyzed according to U.S. Patent 5,436,128, herein incorporated by reference. 
Briefly, the assay involves labeling of cells with 3H-myoinositol for 48 or more hrs. 
The labeled cells are treated with a test compound for one hour. The treated cells 
are lysed and extracted in chloroform-methanol-water after which the inositol 
phosphates were separated by ion exchange chromatography and quantified by 
scintillation counting. Fold stimulation is determined by calculating the ratio of 
cpm in the presence of agonist, to cpm in the presence of buffer control. Likewise, 
fold inhibition is determined by calculating the ratio of cpm in the presence of 
antagonist, to cpm in the presence of buffer control (which may or may not contain 
an agonist). 

[0073] Other receptor assays can involve determining the level of intracellular cyclic 
nucleotides, e.g., cAMP or cGIVIP. In cases where activation of the receptor results 
in a decrease in cyclic nucleotide levels, it may be preferable to expose the cells to 
agents that increase intracellular cyclic nucleotide levels, e.g., forskolin, prior to 
adding a receptor- activating compound to the cells in the assay. In one embodiment, 
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the changes in intracellular CAMP or cGIVIP can be measured using 
immunoassays. The method described in Offermanns & Simon, J. Bio. Chem., 
270:15175-15180 (1995), may be used to determine the level of cAMP. Also, the 
method described in Felley-Bosco et al, Am. J. Resp. Ce// and Mol Biol, 11:159-164 
(1994), may be used to determine the level of cGMP. Further, an assay kit for 
measuring cAMP and/or cGIVIP is described in U.S. Patent 4,115,538, herein 
incorporated by reference. 

[0074] In another embodiment, transcription levels can be measured to assess the 
effects of a test compound on signal transduction. A host cell containing GPCR 
polypeptides of interest and a variant G q protein according to the invention is 
contacted with a test compound for a sufficient time to effect any interactions, and 
then the level of gene expression is measured. The amount of time to effect such 
interactions may be empirically determined, such as by running a time course and 
measuring the level of transcription as a function of time. The amount of 
transcription may be measured by using any method known to those of skill in the 
art to be suitable. For example, mRNA expression of the protein of interest may be 
detected using northern blots or their polypeptide products may be identified using 
immunoassays. Alternatively, transcription based assays using reporter gene may 
be used as described in U.S. Patent 5,436,128, herein incorporated by reference. The 
reporter genes can be, e.g., chloramphenicol acetyltransferase, luciferase, beta- 
galactosidase beta-lactamase and alkaline phosphatase. Furthermore, the protein of 
interest can be used as an indirect reporter via attachment to a second reporter 
such as green fluorescent protein (see, e.g., Mistili & Spector, Nature Biotechnology, 
15:961-964 (1997)). 

[0075] The amount of transcription is then compared to the amount of transcription 
in either the same cell in the absence of the test compound, or it may be compared 
with the amount of transcription in a substantially identical cell that lacks the Gq 
variant polypeptide(s) of interest. A substantially identical cell may be derived from 
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the same cells from which the recombinant cell was prepared but which had not 
been modified by introduction of heterologous DNA. Any difference in the amount of 
transcription indicates that the test compound has in some manner altered the 
activity of the GPCR polypeptides of interest. 

Transgenic non-human animals expressing Gal5 proteins 

[0076] Non-human animals expressing one or more variant G protein sequences of 
the invention can also be used for receptor assays. Such expression can be used to 
determine whether a test compound specifically binds to a mammalian taste GPCR 
receptor complex in vivo by contacting a non-human animal stably or transiently 
transfected with nucleic acids encoding GPCR receptors or ligand-binding regions 
thereof and a variant Gq protein according to the invention with a test compound 
and determining whether the animal reacts to the test compound by specifically 
binding to the receptor polypeptide complex. 

[0077] Animals transfected or infected with the vectors of the invention are 
particularly useful for assays to identify and characterize GPCRs that can bind 
thereto or to a specific or sets of receptors. Such vector-infected animals expressing 
human taste receptor sequences can be used for in vivo screening of taste stimuli 
and their effect on, e.g., cell physiology (e.g., on taste neurons), on the CNS, or 
behavior. Alternatively, stable cell lines that express a G q protein or combination 
thereof, can be used as nucleic transfer donors to produce cloned transgenic animals 
that stably express a particular variant Gq protein or combination. Methods of 
using nucleic transfer to produce cloned animals that express a desired heterologous 
DNA are the subject of several issued U.S. patents granted to the University of 
Massachusetts (licensed to Advanced Cell Technology, Inc.) and Roslin Institute 
(licensed to Geron Corp.). 

[0078] Means to infect/express the nucleic acids and vectors, either individually or 
as libraries, are well known in the art. A variety of individual cell, organ, or whole 
animal parameters can be measured by a variety of means. The G(X15 nucleic acid 



26 



sequences of the invention can be for example expressed in animal tissues by 
delivery with an infecting agent, e.g., adenovirus expression vector. 



[0079] The endogenous Gal 5 protein genes can remain functional and wild-type 
(native) activity can still be present. Methods for the construction of non-human 
transgenic animals, particularly transgenic mice, and the selection and preparation 
of recombinant constructs for generating transformed cells are well known in the 
art. 

[0080] Construction of a "knockout" cell and animal is based on the premise that 
the level of expression of a particular gene in a mammalian cell can be decreased or 
completely abrogated by introducing into the genome a new DNA sequence that 
serves to interrupt some portion of the DNA sequence of the gene to be suppressed. 
Also, "gene trap insertion" can be used to disrupt a host gene, and mouse embryonic 
stem (ES) cells can be used to produce knockout transgenic animals (see, e.g., 
Holzschu, Transgenic Res 6:97-106 (1997)). The insertion of the exogenous is 
typically by homologous recombination between complementary nucleic acid 
sequences. The exogenous sequence is some portion of the target gene to be 
modified, such as exonic, intronic or transcriptional regulatory sequences, or any 
genomic sequence which is able to affect the level of the target gene's expression; or 
a combination thereof. Gene targeting via homologous recombination in 
pluripotential embryonic stem cells allows one to modify precisely the genomic 
sequence of interest. Any technique can be used to create, screen for, propagate, a 
knockout animal, e.g., see Bijvoet, Hum. MoL Genet. 7:53-62 (1998); Moreadith, J. 
MoLMed. 75:208-216(1997); Tojo, Cytotechnology 19:161-165 (1995); Mudgett, 
Methods MoL BioL 48:167-184 (1995); Longo, Transgenic Res. 6.321-328 (1997); 
U.S. Patents Nos. 5,616,491; 5,464,764;5 y 631,153; 5,487,992; 5,627,059; 5,272,071; 
WO 91/09955; W093/09222; WO 96/29411; WO 95/31560; WO 91/12650. 

[0081] The nucleic acids of the invention can also be used as reagents to produce 
"knockout" human cells and their progeny. Likewise, the nucleic acids of the 
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invention can also be used as reagents to produce "knock-ins" in mice. The variant 
G q gene sequences can replace the orthologous G q sequence in the mouse genome. In 
this way, a mouse expressing a variant G q protein is produced. This mouse can then 
be used to analyze the function of the variant G q protein and to identify GPCRs that 
couple therewith. 

Modulators 

[0082] The compounds tested as modulators of a GPCR family member can be any 
small chemical compound, or a biological entity, such as a protein, nucleic acid or 
lipid. Essentially any chemical compound can be used as a potential modulator or 
ligand in the assays of the invention, although most often compounds that are 
soluble in aqueous solutions are tested. Assays can be designed to screen large 
chemical libraries by automating the assay steps and providing compounds from 
any convenient source; these assays are typically run in parallel (e.g., in microtiter 
formats on microtiter plates in robotic assays). It will be appreciated that chemical 
libraries can be synthesized by one of many chemical reactions (e.g. Senomyx 
proprietary chemistries). Additionally, there are many suppliers of chemical 
compounds, including Sigma (St. Louis, MO), Aldrich (St. Louis, MO), Sigma- 
Aldrich (St. Louis, MO), Fluka Chemika-Biochemica Analytika (Buchs, Switzerland) 
and the like. 

[0083] In one preferred embodiment, high throughput screening methods involve 
providing a combinatorial chemical or peptide library containing a large number of 
potential GPCR affecting compounds (potential modulator or ligand compounds). 
Such "combinatorial chemical libraries" or 'ligand libraries" are then screened in 
one or more assays, as described herein, to identify those library members 
(particular chemical species or subclasses) that display a desired characteristic 
activity. The compounds thus identified can serve as conventional "lead compounds" 
or can themselves be used as potential or actual taste modulators. 
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[0084] 



Preferably, such libraries will be screened against cells or cell lines that stably- 
express one or non particular GPCR and a variant GCC15 protein according to the 
invention. 

[0085] 

A combinatorial chemical library is a collection of diverse chemical compounds 
generated by either chemical synthesis or biological synthesis, by combining a 
number of chemical '"building blocks" such as reagents. For example, a linear 
combinatorial chemical library such as a polypeptide library is formed by combining 
a set of chemical building blocks (amino acids) in every possible way for a given 
compound length (i.e., the number of amino acids in a polypeptide compound). 
Thousands to millions of chemical compounds can be synthesized through such 
combinatorial mixing of chemical building blocks. 

[0086] Preparation and screening of combinatorial chemical libraries is well known 
to those of skill in the art. Such combinatorial chemical libraries include, but are 
not limited to, peptide libraries (see, e.g., U.S. Patent 5,010,175, Furka, Int J. Pept. 
Prot. Res., 37:487-493 (1991) and Houghton et aL, Nature, 354:84-88 (1991)). Other 
chemistries for generating chemical diversity libraries can also be used. Such 
chemistries include, but are not limited to: peptoids (e.g., PCT Publication No. WO 
91/19735), encoded peptides (e.g., PCT Publication WO 93/20242), random bio- 
oligomers (e.g., PCT Publication No. WO 92/00091), benzodiazepines (e.g., U.S. Pat. 
No. 5,288,514), diversomers such as hydantoins, benzodiazepines and dipeptides 
(Hobbs et al-, Proc. Nat. Acad. Sci., 90:6909-6913 (1993)), vinylogous polypeptides 
(Hagihara et al-, J. Amer. Chem. Soc, 114:6568 (1992)), nonpeptidal 
peptidomimetics with glucose scaffolding (Hirschmann et al-, J. Amer. Chem. Soc, 
114:9217-9218 (1992)), analogous organic syntheses of small compound libraries 
(Chen et al., J. Amer. Chem. Soc, 116:2661 (1994)), oligocarbamates (Cho et al-, 
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Science, 261:1303 (1993)), peptidyl phosphonates (Campbell et al-, J. Org. Chem., 
59:658 (1994)), nucleic acid libraries (Ausubel, Berger and Sambrook, all supra), 
peptide nucleic acid libraries (U.S. Patent 5,539,083), antibody libraries (Vaughn et 
al-, Nature Biotechnology, 14(3):309-314 (1996) and PCT/US96/10287), 
carbohydrate libraries (Liang et al., Science, 274:1520-1522 (1996) and U.S. Patent 
5,593,853), small organic molecule libraries (benzodiazepines, Baum, C&EN, Jan 
18, page 33 (1993); thiazolidinones and metathiazanones, U.S. Patent 5,549,974; 
pynrolidines, U.S. Patents 5,525,735 and 5,519,134; morpholino compounds, U.S. 
Patent 5,506,337; benzodiazepines, 5,288,514, and the like). 

[0087] Devices for the preparation of combinatorial libraries are commercially 
available (see, e.g., 357 IVIPS, 390 MPS (Advanced Chem Tech, Louisville KY), 
Symphony (Rainin, Woburn, MA), 433A (Applied Biosystems, Foster City, CA), 9050 
Plus (Millipore, Bedford, IVIA)). In addition, numerous combinatorial libraries are 
themselves commercially available (see, e.g., ComGenex, Princeton, NJ; Tripos, Inc., 
St. Louis, rVTO; 3D Pharmaceuticals, Exton, PA; Martek Biosciences; Columbia, 
IVID; etc.). 

[0088] The present invention also provides for kits for screening for modulators of 

specific GPCRs. Such kits can be prepared from readily available materials and 

reagents. For example, such kits can comprise any one or more of the following 

materials: a variant G protein according to he invention or a nucleic acid sequence 

encoding GPCR nucleic acids or proteins, reaction tubes, and instructions for testing 

the particular GPCR activity. Optionally, the kit contains a biologically active 

GPCR receptor or cell line that stably or transiently expresses a biologically active 

GPCR receptor, e.g. a Tl R receptor. A wide variety of kits and components can be * 

prepared according to the present invention, depending upon the intended user of 

the kit and the particular needs of the user. 

i 

[0089] The following examples serve merely to illustrate the invention, and should 
not be construed as limiting the scope of the invention in any way. 

I 
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EXAMPLES 
Example 1: Construction of Gais Chimeras 



[0090] In this example, the details of how the Gal5 chimeras were made are 
presented. Gais chimeras were generated by PCIR with mutagenic 3' primers. The 
sequence of the parental Gal5clone (SEQ ID NO:l; amino acid sequence is SEQ ID 
NO:2) corresponds to databank sequences (e.g., accession B0005439) except for a 
silent single nucleotide polymorphism. The last six codons of GOCl5and the 
sequences they were replaced with are shown below (SEQ ID NOS:3-12). The Gal 5 
chimeras were generated with 5' Ascl sites (GGCGCGCCGCC joined to the start 
ATG) and 3' Notl sites (GCGGCCGC joined to the stop TGA) and cloned as Ascl-Notl 
fragments in the Ascl-Notl polylinker sites of the pEAKlO expression vector (Edge 
Biosystems). 

Gal5 nucleotide sequence (SEQ ID NOA) 

atggcccggtccctgacttggggctgctgtccctggtgcctgacagaggaggagaagactgccgccagaa 

tcgaccaggagatcaacaggattttgttggaacagaaaaaacaagagcgcgaggaattgaaactcctgct 

gttggggcctggtgagagcgggaagagtacgttcatcaagcagatgcgcatcattcacggtgtgggctac 

tcggaggaggaccgcagagccttccggctgctcatctaccagaacatcttcgtctccatgcaggccatga 

tagatgcgatggaccggctgcagatccccttcagcaggcctgacagcaagcagcacgccagcctagtgat 

gacccaggacccctataaagtgagcacattcgagaagccatatgcagtggccatgcagtacctgtggcgg 

gacgcgggcatccgtgcatgctacgagcgaaggcgtgaattccaccttctggactccgcggtgtattacc 

tgtcacacctggagcgcatatcagaggacagctacatccccactgcgcaagacgtgctgcgcagtcgcat 

gcccaccacaggcatcaatgagtactgcttctccgtgaagaaaaccaaactgcgcatcgtggatgttggt 

ggccagaggtcagagcgtaggaaatggattcactgttttgagaacgtgattgccctcatctacctggcct 

ccctgagcgagtatgaccagtgcctagaggagaacgatcaggagaaccgcatggaggagagtctcgctct 

gttcagcacgatcctagagctgccctggttcaagagcacctcggtcatcctcttcctcaacaagacggac 

atcctggaagataagattcacacctcccacctggccacatacttccccagcttccagggaccccggcgag 

acgcagaggccgccaagagcttcatcttggacatgtatgcgcgcgtgtacgcgagctgcgcagagcccca 

ggacggtggcaggaaaggctcccgcgcgcgccgcttcttcgcacacttcacctgtgccacggacacgcaa 
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agcgtccgcagcgtgttcaaggacgtgcgggactcggtgctggcccggtacctggacgagatcaacctgc 
tgtga 

Gai5. amino acid sequence (SEQ ID NO:2) 

MAKSLTWGCCPWCLTEEEKTAARIDQEINEILLEQKKQEREELKLLLLGPGESG 

KSTFIKQMRIIHGVGYSEEDRRAFRLLIYQNIFVSMQAMIDAMDRLQIPFSRPDS 

KQHASLVMTQDPYKVSTFEKPYAVAMQYLWRDAGIRACYERRREFHLLDSAVY 

YLSHLERISEDSYIPTAQDVLRSRMPTTGINEYCFSVKKTKLRrVDVGGQRSERR 

KWIHCFENVIALIYIASLSEYDQCLEENDQENRMEESLALFSTILELPWFKSTSVI 

LFLNKTDILEDKIHTSHLATYFPSFQGPRRDAEAAKSFILDMYARVYASCAEPQD 

GGRKGSRARRFFAHFTCATDTQSVRSVFKDVRDSVLARYLDEINLL 

Ga tails (SEQ IDS NOS: 3-12) 



GAGATCAACCTGCTGTGA 


G a 15 


(SEQ 


ID 


NO: 3) 


GACTGTGGCCTCTTCTGA 


Gail 


(SEQ 


ID 


NO: 4) 


GAGTACAATCTGGTCTGA 


Gaq 


(SEQ 


ID 


NO: 5) 


CAGTATGAGCTCTTGTGA 


Gas 


(SEQ 


ID 


NO: 6) 


GAGTGCGGCCTCTACTGA 


G a i3 


(SEQ 


ID 


NO: 7) 


GGATGCGGACTCTACTGA 


Gao 


(SEQ 


ID 


NO: 8) 


TACATCGGCCTCTGCTGA 


Gaz 


(SEQ 


ID 


NO: 9) 


GACATCATGCTCCAATGA 


G a 12 


(SEQ 


ID 


NO: 10) 


CAACTAATGCTCCAATGA 


G a 13 


(SEQ 


ID 


NO: 11) 


CACCAGGTTGAACTCTGA 


G a 14 


(SEQ 


ID 


NO: 12) 



Example 2: Characterization of GaisChlmeras with Rat TI R2IT1 R3 

[0091] In this example, the use of a Gal5 chimera to develop an improved assay for 
the rat Tl R2fTl R3 sweet taste receptor is described. HEK-293 cells were 
transiently transfected with rat Tl R2, Tl R3, and each Gai5 chimera, and assayed 
for intracellular calcium increases in response to 75 mM sucrose. Gais chimeras 
with Gai-related or G aq -related tails coupled more efficiently to rat Tl R2fTl R3 
than Gal5 (see Figure 1, /eft paneo. One of these G"115 chimeras, G a i5/ii (which 
contains the C-terminal tail of trans ducin), was further characterized and used to 
demonstrate the rat Tl R2rrl R3 recognizes all sweet taste stimuli tested (see 
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Figure 1, right paneo. Moreover, rat Tl R2/T1 R3 dose responses to several sweet 
taste stimuli were determined using G a i5/n and found to correspond to rodent taste 
detection thresholds [Nelson et aL, Cefi 106:381-90 (2001); (Bachamanov et al., 
Chem. Senses 26:905-13 (2001)] (see Figure 1, lowerpaneo. 

[0092] Rat Tl R2 and Tl R3 expression constructs were generated using the 
pEAKlO expression vector (Edge Biosystems). (Rat Tl Rl, Tl R2, and Tl R3 nucleic 
acid sequences are described in U.S. Provisional Application No. 60/339,472, 
incorporated by reference in its entirety herein). HEK-293 cells were grown and 
maintained at 370C in Dulbecco's Modified Eagle Medium (DMEM) supplemented 
with 10% FBS and MEM non-essential amino acids (Gibco BRQ. For calcium- 
imaging experiments, cells were first seeded onto 24well tissue-culture plates 
(approximately 100,000 cells per well), and transfected using Mirus Transit-293 
(PanVera). Transfection efficiencies, which were estimated by cotransfection with 
/. an RFP expression vector, were typically approximately 70%. To minimize 

| glutamate-induced and glucose-induced desensitization, supplemented DMEM was 

replaced with low-glucose DMEM supplemented with GIutaMAX and 10% dialyzed 
FIBS (Gibco BRL) approximately 24 hours after transfection. 24 hours later, cells 
were loaded with the calcium dye fluo-4-AM (Molecular Probes), 3 gM in Dulbecco's 
PBS buffer (DPBS, GibcoBRL), for 1.5 hours at room temperature. After 
replacement with 250 gl IDPBS, stimulation was performed at room temperature by 
addition of 200 gl IDPBS supplemented with taste stimuli. Calcium mobilization 
was monitored on an Axiovert Si 00 microscope equipped with an inverted 1 0X/0. 5 
LWID piano fluor objective (Zeiss) and a cooled CCID camera (Princeton 
Instruments). Fluorescence images were acquired at 480 nrn excitation and 535 nm 
emission, and analyzed with Imaging Workbench 4.0 software (Axon Instruments). 
Tl R receptor activity was quantitated by counting the number of responding cells 
30 seconds after stimulus addition. Stimuli used (and typical concentrations) were: 
Acesulfame-K (2.5 mM), aspartame (2.5 mM), cyclamate (5 mM), dulcin (0.1 mM), 
fructose (300 mM), galactose (300 mM), glucose (300 mM), lactose (250 mM), 
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maltose (300 mM), monellin (0.01 %), neotame (0. 1 mM), perillartine (15 IaM), 
saccharin (1 mM), sucralose (11 mM), sucrose (300 mM), thaurnatin (0.01 %), and 
D-tryptophan (10 mM). 



Example 3: Characterization of Gais Chimeras with Rat Tl Rl/Tl R3 

[0093] In this example, the use of a GCC15 chimera to develop an improved assay 
for the rat Tl Rl/Tl R3 umami taste receptor is described. HEK-293 cells 
transiently cotransfected with rat Tl Rl, Tl R3, and Gal5 did not respond to any 
stimuli tested. In contrast, cells transiently transfected with rat Tl Rl, Tl R3, and 
Gal5/ll responded to the umami taste stimuli L-aspartate and L-glutamate in the 
presence of 2.5 mM IMP. The similar dose responses for rat Tl Rl/Tl R3 (see 
Figure 2) reflects their similar potency as taste stimuli in rodents. Transfection and 
assay conditions were as described in Example 2. 



I 
I 
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